The 1982-1983 El Niiio generated a strong signal which diminished poleward. Although water mass properties were clearly influenced at 48"N, no effects were identified on a rocky intertidal community which could unambiguously be attributed to El Niiio. The analyses included long term studies of the upper limits to the distribution of a red alga (7 years) and two species of mussels (14 years). No effect was identified on the recruitment, mortality, or growth of a brown alga, Postelsia.
The 1982-1983 El Niiio event, because of its massive proportions and geographically broad extent, provided a rare opportunity for biologists to observe how marine communities might respond to a severe natural perturbation. These upwelling failures at lower latitudes disrupted plankton-based food chains (Feldman et al. 1984) , leading to massive mortality of birds dependent on such resources (Schreiber and Schreiber 1984) , and reduced the productivity of the giant kelp, Macrocystis (Zimmerman and Robertson 1985) . However, the dynamics of Macrocystis were also strongly influenced by winter storms (Dayton and Tegner 1984) , and Gunnill ( 198 5) could find no generalizable mortality or recruitment patterns for seven other species of macroalgae in the same region.
The ecologically strong signal from this single event was obviously diminished at higher latitudes: though significant warming extended into Alaskan waters (Reed 1984 ) the anomalies, both in terms of depth and offshore extent, were only about half those in California (Cannon et al. in press) . The anomalously high sea surfaces temperatures-as much as 4.7"C but generally of the order lo-2"C-were not evident off Van- couver Island until late 1982, but then persisted through spring 1983 (Tabata 1984) . In July 1983 both phyto-and zooplankton abundances were significantly reduced on the continental slope off Vancouver Island (Sefton et al. 1984 ; D. L. Mackas pers. comm.). Along coastal Oregon, the sea level between January and March 1983 was 30 cm higher than normal (Huyer et al. 1983 ). These conditions meet one set of criteria for legitimizing the presence of an El Niiio in coastal waters. However, few data exist to suggest how documented oceanic physical and biological changes might be translated into biological influences on the associated intertidal benthic communities.
The data presented below are heterogeneous because they have been extracted from studies conducted for other purposes. The list of species, though phyletically broad, represents only a small fraction, perhaps as little as l%, of the resident species. Neither problem can be avoided: extreme events cannot be predicted a priori; no biological study can encompass all species, let alone age classes or genotypes. However, these data have two redeeming aspects. The species covered are locally abundant and characteristic of exposed rocky shores, and the observational time base is exceptionally long, and therefore the evaluation of possible El Nifio-related deviations is more secure. Below I discuss eight species for which 351 Almost all of the data were obtained at Tatoosh Island, Washington (48"24'N, 124"4O'W), a compact set of small islets about 0.6 km west of the western tip of the Olympic Peninsula. The islands are immediately adjacent to deep water (the 182.9 m or 100 fathom line is about 2.5 km distant) and scoured by swift currents. A general physical description as well as some biological detail is provided by Paine and Levin (198 1) . Tatoosh, because of its location, probably experienced fully El Nifio effects characteristic of coastal waters along Washington's northern coast. Duration of study and specific methodologies are identified with the individual species or ecological processes examined.
Observations on to distribution upper limits
Sessile intertidal organisms at or near their upper distributional limits might be especially susceptible to direct El Nifio effects.
For instance, increased immersion time due to elevation of sea level might have a positive effect by extending feeding periods or providing more equitable conditions for growth. On the negative side, longer periods of immersion in food-poor waters could starve the organisms, an effect the elevated water temperatures and hence increased metabolic rates associated with El Nifio could only exacerbate. All three species for which appropriate data exist are discussed below.
Iridaea cornucopiae is an abundant, perennial red algal species with permanent high intertidal populations. In 1978 a number of stainless steel markers were placed just above its upper limit, and the distance downshore to the top of the band at the +4.2-m level above mean lower low water was measured (usually 1 O-l 5 times annually). Table 1 suggests that 1983 was unexceptional and that overall the upper limit along about 25 m of exposed shore has shown little change since 1980.
Myths edulis and Myths californianus form conspicuous bands at Tatoosh, with M. edulis occurring higher in the intertidal than its congener (Suchanek 1978) . I have estimated the relative position of their upper limits since September 1971 by measuring with a tape the distance downslope from 11 screws set into the upper intertidal (for details, see Paine 1974) . These measures have been made at least twice annually, usually about mid-April and again about mid-September. Figure 1 iological weakening during El Nifio cannot be discounted. However, a similar bout of freezing weather in December 1978 produced no unusual change in mussel distribution.
Comparable data for M. edulis over the same 14-year interval ( Fig. 1) show neither identifiable El Nifio nor freeze effects. All between-measurement changes in the upper limit fall within 1.96 SD on either side of the long term mean, calculated conservatively with all available data. Thus, the 1982-1983 El Niiio, though producing a strong oceanographic signal at the latitude of Tatoosh, had no direct, measurable effect on the upper limit of two common species of Mytilus.
The efects of disturbance on
Mytilus californianus beds
The mid-intertidal shores of Tatoosh are covered with extensive mussel beds. These are subject to disruption, especially by winter (November-March) storms, a process modeled by Paine and Levin (198 1) . The storm-generated patches or gaps are readily recognized and measured. I have some information dating to the 1968-l 969 winter; since 1972-1973 I have followed 26 topographically distinctive and usually separate sites and estimated each spring the proportion of M. californianus swept away in the previous winter. Since most of the data are recorded as the proportion of total area that is new patch, they have been arcsine squareroot transformed (Sokal and Rohlf 1969) for statistical purposes. Figure 2 shows the pattern of annual disturbance (untransformed); the band of + 1 SD is, however, based on transformed numbers. The 1982-198 3 winter interval, following the onset of El Nifio, and that of 1975-1976 , an interval with no suggestion of one, are equally catastrophic, with 19-24% of the resident mussels being swept away. These disturbance values are 19.1% (1975-1976) and 23.3% (1982-1983) when based on transformed numbers, and both are beyond 1.96 SD from the mean (range, near O-l 8.9%). They both represent unusually severe disturbance and could be considered as outliers from the normal disturbance pattern, yet are statistically indistinguishable (t-test on transformed data, t = 0.39, df = 50, P > 0.5). The remaining 14 winter intervals suggest a more staid disruption pace, with between 1 and 10% of the mussels being removed per year. The question of whether the 1982-1983 event is El Nifio caused or simply represents coincidence based on the 7-8-year rotation period-the minimal turnover time for a mussel bed (Paine and Levin 198 l)-cannot be addressed. However, the 1975 However, the -1976 winter was characterized by exceptionally cold sea surface temperatures, with anomalies of about -8°C between 40 and 5O"N (Wooster pers. comm.). Although extreme water temperatures, both well above and below the long term mean, seem associated with mussel bed disruption, no biological mechanism is known and such mortalities certainly cannot be attributed solely to heightened temperatures.
Recruitment of algae, barnacles, and sea urchins Marine ecologists have found it both expedient and biologically realistic to distinguish between settlement, essentially an instantaneous point process interposed 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 N transplanted 9  1  14  26  31  16  17  12  5  5  N successful  9  1  14  22  31  8  17  11  4  4  % success  100  100  100  85  100  50  100  92  80  80 between planktonic and benthic life history phases, and recruitment, a later stage large enough to be recognized and sampled accurately (Keough and Downes 1982) . Here I discuss recruitment of three species and assume some positive numerical relationship between settlement numbers and those being recruited to the sample stock. Postelsia palmaeformis, an annual brown alga, has been transplanted for the past 10 years (see Paine 1979) . What the data in Table 2 represent are the results of spore establishment on a transfer site, subsequent germination which produces a nondispersing gametophyte, and finally, some months later, another bout of reproduction which generates the sporophyte, Postelsia, counted in the spring following the transplant in the previous autumn. Overall success is high, 89% over 10 years and 136 transplants. 1980 was a "poor" year, in large part because the chosen sites were probably fundamentally unsuitable for this species. The El Niiio interval is clearly unexceptional.
Semibalanus cariosus, an acorn barnacle, is a characteristic and abundant inhabitant of most intertidal sites in Washington state. Like possibly all benthic species, its larval settlement and subsequent recruitment shows spatial and temporal variation (Connell 1971; Sebens and Lewis 1985) . I believe, on the basis of observation at Tatoosh, that this species rank-orders possible settlement sites by "suitability." The prime sites are bare rock substrates, often generated by waves and appearing as patches in mussel beds. Secondary sites include rock surfaces at higher shore levels or the surfaces of mussels. I have used two techniques to assess the magnitude of S. cariosus settlement, most of which occurs at Tatoosh in April and May. First, a qualitative judgment is made as to whether the shore is covered with barnacles or whether they only occur in patches (Paine and Levin 198 1) . Second, I have counted in replicated quadrats the number of barnacles of <2-mm basal diameter that have settled in patches. Such counts probably estimate fairly the density (and distribution) characteristic of poor years; they must underestimate substantially the settlement magnitude in exceptionally good years. These latter measurements for Tatoosh are (Z/l00 cm2, SD, N): 1978 (14.2, 24, 64); 1979 (71.9, 51, 53); 1981 (161.2, 68, 14); 1982 (57.6, 28, 5); 1983 (218.1,79, 14); 1984(2.3,0.8,5); 1985 (643, 400, 47) . I can give no reasons for the relative failure of the 1984 year class, a condition shared with another winter-spawning barnacle, Pollicipes polymerus. Possible causes relate to longer adult feeding times due to elevated sea levels during the 1983 peak of El Nifio, higher water temperatures and hence greater metabolic costs, and reduced food supplies characteristic of nutrient-poor water. On the other hand, appropriate water masses bearing competent larvae may simply not have encountered land in spring 1984 (or 1978) .
Strongylocentrotuspurpuratus, the purple urchin, is an abundant resident of rocky intertidal and subtidal shores of western North America. Its recruitment success seems to vary geographically. Tegner and Dayton (198 1) reported annual recruitment in California; in Oregon and north, recruitment appears much more sporadic (Ebert 1968) . Recently settled larvae, test diameter l-2 mm, can be found under adult conspecifics or articulated coralline algae. Their specific identity is uncertain at this size, although if one follows the cohorts discussed here through time, they always become S. purpuratus.
In 1963 I observed a dense urchin recruitment at Mukkaw Bay, about 9 km southeast of Tatoosh. Urchins settled in coastal Oregon during the same interval (Ebert 1968) . No major further appearances of small urchins were observed in experimental pools in prime urchin habitat from 1964 to 1967 (Paine and Vadas 1969) . In 1970 P. K. Dayton (Dayton 1975 ) and I observed numerous small urchins at Waadah Island, about 10 km east of Tatoosh. These animals averaged 13 mm in test diameter (N = 35, SD = 2.1 mm) and occurred over a broad area in densities of lo-50 per m2. They almost certainly had settled in 1969: their sizes are indistinguishable from those given by Ebert (1968) for 1 -yearold urchins. I observed no other substantial recruitment bouts on the Washington outer coast until 1982 in general surveys of the area, in pools cleared of adult urchins (Paine 1977 ), or at experimental sites appropriate for urchin occupancy utilized for other purposes (Paine 1984) . In summer 1982, before El Niiio and continuing into 19 8 3, there was a massive recruitment at Tatoosh. By 1983 small urchins were beginning to concentrate in slight depressions and generate, by overgrazing, changes in the associated algal community. Haphazard tosses of a 30-x 30-cm quadrat suggested a mean density of about 30 per m2 (X = 2.67, SD = 2.79, N = 45). These aggregations have continued to grow and in the process produce the "barren grounds" and highly clumped distributions characteristic of adult urchins.
In 22 years of observation, substantial urchin recruitments were observed, or inferred, only in 1963,1969,1982, and 1983 . Although all are technically El Niiio years, only the last two were recognizable north of California. All, however, were periods of locally positive sea surface temperature anomalies (Wooster pers. comm.). Conversely, in two non-El Nifio episodes of equal or greater positive sea surface temperature anomalies (1967, 1978: Wooster pers. comm.) there was no urchin recruitment. Further, there was none in the remaining 16 normal or colder water years. The pattern suggests that urchin recruitment at 48"N is occasionally associated with warmer than normal waters, implying that larval transport north accompanying the poleward flow of surface waters at such times may be the primary factor.
Gull fecundity and behavior
Glaucous-winged gulls (Larus glaucestens) are abundant at Tatoosh, with perhaps as many as 1,500 breeding pairs. I have counted the number of nests with eggs at four sites at least 100 m apart. For three sites a comparison of nest numbers in 1983, 1984, and 1985 indicates a nesting failure in 1984: site 1, 60: 1:36; site 2, 20: 1:26; site 3, 50 : 2 : 40. For site 4 data are available as well for earlier years: 1978, 16 nests; 1979, "at least as many"; 1983, 18; 1984,2; 1985, 11 . It is certain from these as well as qualitative observations that 1984 was a breeding failure for these gulls, though not one as spectacular as that recorded by Schreiber and Schreiber (1984) for mid-Pacific species.
Although the reasons for the Tatoosh event remain unknown, it is likely that the failure is related to El Nifio, since most marine birds are sensitive to, and good indicators of, changes in the abundance of their pelagic prey (Anderson et al. 1980; Springer and Roseneau 19 8 5) .
The foraging behavior of the gulls also showed interannual variations. Although these birds may snack on intertidal invertebrates and frequent garbage dumps, most of their prey tends to come from the ocean (Trapp 1979) . Thus in normal years gulls forage moderately on urchins, limpets, chitons, mussels, and especially the goose barnacle, Pollicipes. In 1984, but not in 1983, the Pollicipes were ravaged, with many large aggregations being reduced to lo-20% of their former abundance. A correlation between an increased reliance on invertebrate prey and poor reproductive performance is known for this species (Murphy et al. 1984) . It supports my hypothesis that the gulls were hungry in 1984; it provides no insights into the presence of the l-year time lag or the underlying causes of the breeding failure.
Mortality of Postelsia palmaeformis
Postelsia lives high in the intertidal zone and is characteristic of shorelines exposed to heavy wave shock (Dayton 1973; Paine 1979) . Transplantation permits the establishment of isolated clusters which can be followed as highly localized populations. In each individual cluster, the sporophytes begin to appear in February and generally continue to enter the macroscopic population until May-June. After that the population declines through mortality attributable to wave action, excessive desiccation, and consumption or simply abuse by glaucouswinged gulls and cormorants. I have estimated mortality, assuming a simple exponential model, as the rate of decline per day from the attainment of peak numbers to some date in September. Maximum population sizes ranged from 11 to 406; times varied from 30 to 186 days. Transplants were followed at 71 different sites on the SW, W, and NW shores of Tatoosh. Some sites were evaluated in more than 1 year because Postelsia is an annual, and plants in the second and third years represent new (Sokal and Rohlf 1969) suggests that mortality in 1984 was lower than in previous years, which are indistinguishable.
generations at the site, not persistent individuals. Variation in mortality rate from 1976 to 1984 is illustrated in Fig. 3 . A oneway ANOVA (years, mortality rate) indicates a significant source of variation (Fs,,01 = 3.86, P < 0.025). A SNK test on these data (Sokal and Rohlf 1969) suggests that 1976-1983 are comparable, while 1984 stands out as a year of exceptionally good survival, or low mortality.
I interpret these trends to suggest no direct El Nifio effect. The curiously low 1984 mortality almost certainly is related to the reduced gull nesting that year on Tatoosh. Gulls, for reasons unknown, have been observed on numerous occasions to trash stands of Postelsia, and hence the plants in 1984 benefitted by their temporary inactivity. This result parallels the observation of Duggins (198 1) of a comparably anomalous oceanic-benthic interaction of enhanced kelp survivorship due to a temporary deflection of herbivory on the kelp by sea urchins. and 1976, 1982, 1983, and 1984, years if one exists, cannot be distinguished against reproductive success, recruitment in its the background of normal interannual vari-broadest meaning, and adult mortality. ation. That is, neither growth rate, nor mean Some years are good, others less so, and asymptotic size attained, nor size in mid-often the differences cannot be attributed to May (probably reflecting the onset of sus-any special environmental influence. Howtained growth) seem especially unusual dur-ever, El Niiio conditions generate, in theory, ing El Nifio. On the other hand, it could be an identifiable pulse of disturbance, and thus argued that none should be expected in a provide the observer with opportunities to marine plant estimated to spend about 75% evaluate how an assemblage responds under of its time exposed to terrestrial influences. the changed conditions.
Discussions and conclusions
Any dramatic change in ambient conditions might generate a measurable ecological effect. However, the changes must be viewed from the organisms' perspectives: what is good for the goose is not necessarily good for the gander. The ambiguity of what exactly is an El Niiio event at high latitudes poses difficulties, as does the identification of effects to be evaluated against the background provided by a variable and unpredictable environment. All populations experience spatial and temporal variations in Three questions were posed initially. Should El Niiios, in part oceanic (in part, atmospheric) phenomena, produce a recognizable impact on benthic communities? How does one recognize an El Nifio effect at sites remote from the initiation and where the signal may be weak? Are such effects predictable, in the sense that they influence particular benthic species or species characterized by certain life history traits?
The answer to the first question is yes, given that all else is equal. It never is, and at the least the intensity, duration, associated effects, and geographic extent must be specified. At Tatoosh, about 60" north of the Peruvian upwelling system, no influences on distributional limits, recruitment patterns, or algal growth and mortality dynamics could be unequivocally identified. Abundant suggestions of influence exist but none, individually or collectively, are convincing. Urchins settle in some El Nifio years but not others; in one year they even appear to have anticipated El Niiio. Mussels seem more subject to wave actions at both high and low temperature extremes. Certain barnacles fail to settle, the gull nesting activity drops, and as a consequence Postelsia survival increases, all with a time delay of 1 year. Closer to the source, all the above might be directly and mechanistically tied to El Niiio. At 48"N they are not, despite the fact that 16" to the south in California, the effect on Macrocystis dynamics is immediate and impressive (Dayton and Tegner 1984) and is mediated by a combination of severe storms and nutrient limitation (Zimmerman and Robertson 1985) . Gunnill(l985), however, was unable to find uniform responses in seven other macroalgae;
The second question is essentially statistical. On a brief time scale the suggestion of an effect is entirely correlative. One observes an El Niiio, and a few months later the assemblage in question changes. I do not question the general reliability of such correlation when the effect is immediate, the signal strong, and the mechanism plausible. At the other extreme, when the signal is diluted and the data base extensive, conclusions drawn from such correlations should be suspect. If I had had data from, say, only 19 7 8-19 84, I would have surmised a strong, direct El Niiio influence on urchin settlement and on the upper limit of, and winter disturbance to, beds of M. californianus. Since both species are important community members, the effect would have been assumed to be biologically significant. However, a longer data base shows substantial mussel destruction in a cold water winter (197 5-l 976), and major urchin recruitment in 1963 and 1969, both years in which El Niiio effects were not identifiable, physically, at Tatoosh's latitude. How can one distinguish between coincidence and causation without lengthy time series of appropriate data, or even with them if knowledge of the biological mechanisms does not exist?
The third question, as suggested by Gunnil1 (1985) , is unresolvable. So little information exists on trophic linkages and their direct and indirect influences, or a population's ecology and responses to changes in its physical environment, that one cannot determine the sign of change, let alone magnitude. A minor example would be the manifold influences of sea gulls. Some species benefit (Postelsia), others do not (Pollicipes) . The question of why either effect was delayed until 1984 is unanswerable, given the few data on the foraging radius of breeding gulls (a few kilometers at best) and the absence of data on changes in nutrient regime, productivity, and zooplankton or fish survivorship within this geographically limited area. Equally, if productivity is reduced and temperatures are elevated, how might the shore community respond? Easy answers are not available, nor should guesses suffice.
The intertidal, rocky substratum assemblage at Tatoosh is naturally variable in time and space, depending on what feature is examined for any one species. Although there are ample reasons to implicate a direct coupling between the pelagic and benthic communities, El Nifio effects, though conspicuous in the water column, appear diluted or masked for the benthic community. One conclusion is that the benthic community is stable (sensu Sutherland 198 1) to an identifiable, potential disruption, whereas the pelagic one is not. A more pressing observation is that without data of sufficient temporal extent, the effects of single, natural, pulse disruptions such as El Niiio cannot be easily separated within an ecologically complex assemblage from the normal background of interannual variation.
